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middle finger a little longer than the thumb. If there should be 
an arrest of development at this stage, the track would be bird-like. 
Next, the fourth finger makes its appearance, and, on the hind 
feet, the fifth comes still later. What is especially interesting is 
that when the legs or feet have been amputated, which frequently 
occurs, the operation being performed by those miniature fresh 
water sharks, the larvae of dragon flies and water beetles, the 
development of the toes is precisely in the same order, first the 
three toes, then the fourth, and on the hind feet the fifth. The 
gills are now beautifully plumed and when closed reach to the 
centre of the entire animal ; hind legs starting. June 20, fifty-six 
days, hind feet developed. 

As the lungs increase the gills wither and are gradually ab- 
sorbed, so that by the middle of August the gills have all disap- 
peared. The time consumed in the wonderful process is a little 
over one hundred days. 

Observations on the Ststematic Relations of the Fishes. — By 
Prop. Edward D. Cope. 

I. PRELIMINARY. 

The system of fishes as at present adopted in this country, is 
the result of the labors of many naturalists, but chiefly of Cuvier, 
Agassiz, Miiller and Gill. Without going into the history of the 
subject at present, it will be proper to point out the principal 
modifications of Cuvier's system, introduced by his three succes- 
sors. The orders of Cuvier were the Chondropterygii, Malacop- 
terygii, Acanthopterygii, Plectognaihi and Lophobranchii. 

Professor Agassiz, under the name of Placoids, adopted the first 
division ; the second he called the Cycloids, the third Ctenoids, 
and then created a fourth order under the name of Ganoids, which 
should embrace a portion of Cuvier's Chondropterygii (the stur- 
geons), a portion of the Malacopterygii Abdominales (the bony 
gars, etc.), and the two last orders of Cuvier. Professor Miiller 
following, with a still more complete anatomical investigation, 
especially into the soft parts, discerned three sub-classes in Cu- 
vier's Chondrostomi, which he named the Leptocardii (lancelet), 
Dermopteri (lamprey, etc.), and the Selachii (sharks, etc.). In 
the then recently discovered Lepidosiren he saw a fourth sub-class, 
Dipnoi. 
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Having instituted an investigation of Agassiz' Ganoids, in an 
able memoir he purged it of the Plectognath and Lophobranchiate 
divisions, which are obviously not related to it. These with the 
Malacopterygiqns and Acanthopterygians, he erected into a sixth 
sub-class, the Teleostei. This sub-class containing the greater 
part of existing fishes, embraced six orders, viz. : Acanthopteri 
(Cuvier's Acanthopterygians) , Anacanthini (new, for the Cod 
family, etc.) ; PharyngognatJii (new, for fishes with connate infe- 
rior pharyngeal bones) ; Physostomi (Malacopterygians of Cuvier, 
nearly) ; Plectognathi and Lopliobranchii of Cuvier. The great 
number of facts in the anatomy of fishes added by Miiller, consti- 
tute him the father of modern ichthyology. 

Professor Grill, in 1861, adopted many of the divisions of Miiller, 
and rejected some ; others were newly proposed. But four sub- 
classes were recognized, the Dermopteri, which includes also 
Midler's Leptocardii ; the Masmobranchii, equivalent to Midler's 
Selachii ; the Ganoidii, including here Midler's Dipnoi ; and the 
Teleostei. Six orders were attributed to the last sub-class, which 
were quite different from those of Miiller. 

Subsequent to this publication, important contributions to the 
system have been made by Kner, Liitken, Gill, Huxley, etc., which 
will be noticed at the proper time. 

The writer having been engaged in an examination of the oste- 
ology of the bony fishes, and general anatomical studies of the 
whole, has proposed to point out some further modifications of the 
received system, which he believes will render it a closer reflection 
of nature. There are some portions of the skeleton which have 
been to a great extent overlooked in seeking for indications of 
likeness and difference of types, and the estimation, in which many 
known characters are held, may be much altered on the study of 
extended material. The skeletons on which the present study is 
made, are one thousand in number, two hundred belonging to the 
Academy of Natural Sciences of Philadelphia, and eight hundred 
to the writer, being the collection made by Professor Joseph Hyrtl, 
the distinguished anatomist of Vienna. This collection has been 
long known to anatomists in Europe as the most beautifully and 
reliably prepared in existence, and as valuable as any for study, 
on account of the fulness of the representation of the various 
types. 
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II. SPECIAL ON THE GANOIDS. 

Recurring to Miiller' s system, the writer adopts, as characterized 
beyond dispute, his sub-classes, or orders of Leptocaedii, Der- 
mopteei, Selachii and Dipnoi, and confines himself at present to 
the recent Ganoidea and Teleostei. I have shared in the doubts 
occasionally expressed by ictbyologists, as to the essential dis- 
tinction of these latter divisions, and an examination into the 
osteology, with reference to this point, confirms the doubts raised 
by a study of the soft parts. As is well known, Miiller distin- 
guished the Ganoidea by the muscular bulbus arteriosus contain- 
ing numerous valves, and the connection of the optic nerves by 
commissure rather than by decussation. He added several other 
characters, knowing them, however, to be shared by various other 
orders and sub-classes, and I have selected the only two which 
seemed to be restricted to the division. Their restriction to it, 
however, is only apparent, and Kner points out that the peculiar- 
ity of the optic commissure is shared by some Physostomi, and 
that the difference between the number and character of the valves 
of the bulbus in Lepidosteus and Amia, is quite as great as that 
existing between Amia and some of the Physostomi. After an 
examination of the skeleton it is obvious that in this part of the 
organism also, there is nothing to distinguish this division from 
the Teleostei of Miiller. It is true that each of the genera re- 
ferred to it possesses marked skeletal peculiarities, but they are 
either not common to all of them, or are shared by some of the 
Physostomi. If, on the other hand, we compare these genera with 
each other, differences of the greatest importance are observable, 
which at once distinguish two divisions, one represented by Polyp- 
terus, the other by Lepidosteus and Amia. 

In the first place the basal radii of the pectoral fins of Polypte- 
rus are observed to be excluded from articulation with the scapu- 
lar arch by the intervention of three elements, which form a 
pedicel or veritable arm for the fin. In Lepidosteus and Amia the 
radii are sessile on the scapular arch as in ordinary fishes. The 
ventral fins present a like difference ; the basal radii are long and 
four in number in Polypterus. In the other two genera they are 
absent, excepting one rudimental ossicle on the inner basis of the 
fin (two in Lepidosteus) precisely as in the Physostomous families 
MormyridcB, CatostomidcB, etc. If we examine the branchial ap- 
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paratus, we find an undivided ceratohyal, three branchihyal arches, 
and no inner and but two outer bones of the superior branchihyals, 
present in Polypterus. In Lepidosteus and Amia we have the 
double ceratohyal, four branchihyal arches, with four outer and 
four inner superior elements, characters of the typical Teleostei. 
The maxillary bone of Polypterus, instead of being free distally, 
as in fishes generally, . is united with an ectopterygoid, and with 
bones representing, in position at least, postorbital and malar. 
In the other genera the relations of the maxillary are as in osse- 
ous fishes. 

The sturgeons (Accipenseridce) agree with Amia, etc., in all of 
these points but one, differing only in having the superior cerato- 
hyal and several of the superior branchihyals cartilaginous. The 
one point of distinction is the extension of the basal radial sup- 
ports of the ventral fin all across its basis as in Polypterus. The 
pectoral fin is, on the other hand, much as in Lepidosteus. Thus 
the sturgeons combine in this one respect, the features of both 
divisions. Both the basal ceratohyals are cartilaginoiis in this 
family ; the superior only is cartilaginous in Polypterus, Lepi- 
dosteus and Amia, while both are ossified in the old Teleostei, 
except in the eels. In these the inferior is cartilaginous, while 
the superior is coossified to the ceratohyal. Thus in one unimpor- 
tant character Polypterus agrees with its former associates, but 
differs more from others of them — the sturgeons, than from the 
bony fishes. 

Another character of both Lepidosteus and Amia betokens a cer- 
tain relationship to Polypterus, viz., the complexity of the mandi- 
ble, especially in the possession of a coronoid bone. But here 
again Accipenser only possess an osseous dentary, while Gymnar- 
chus and Gymnotus have the angular and articular bones distinct 
from the dentary, wanting the coronoid and opercular. In most 
bony fishes the angular is not distinct. 

It is thus evident that the sub-class Ganoidea cannot be main- 
tained. It cannot be even regarded as an order, since I will show 
that Lepidosteus, Accipenser, and Amia, are all representatives of 
distinct orders. I hope also to make it evident that Polypterus 
should be elevated to the rank of a sub-class or division of equal 
rank with the rest of the fishes, and with the Dipnoi already 
adopted. 

The question may be discussed as to whether naturalists are 
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correct who regard the fishes as representing variously, from two to 
four classes. One of these (the Ganoiclea), having been already- 
disposed of, it remains to consider the claims of the remainder, 
viz : The Elasmobranchii (sharks), Dipnoi and typical fishes. 

If we examine the points in which the whole taken together dif- 
fer from the Batrachia and other classes above it, we find that it 
is confined chiefly to the structure of the limbs and the hyoid ap- 
paratus. The typical fishes present, however, other important 
peculiarities, viz. : 1st. The existence of two or three distinct 
bones in the suspensor of the mandible, instead of one. 2d. The 
attachment to these of the opercular bones. 3d. The absence of 
pelvic bones. 4th. The suspension of the scapular arch to the 
cranium. 5th. The large development of the pterotic (Parker, 
mastoid of Cuvier and Owen) is characteristic of bony fishes. 

The types of variation, in the first point, only distinguish groups 
of subordinate rank. Thus : the suspensor of the mandible in the 
typical fishes consists of the hyomandibular stapes, quadrate (met- 
apterygoid or incus), symplectic and mesopterygoid (quadratoju- 
gal Muller, quadrate Huxley, Elm. Comp. Anat.). In the Mormy- 
ridai, Siluridae, Polypteridce, and others, the symplectic is absent ; 
in the eels of several families both it and the metapterygoid are 
wanting, reducing the suspensorium to a rod of two pieces. This 
condition exists in many of the rays ; in others, and in the sharks, 
the inferior element is wanting (Muller, Stannius). An important 
modification is exhibited by Chimsera, where the hyomandibular, 
which alone exists, is continuous with the cartilaginous cranium, 
not being separated by the usual articulation. 

As to the opercular bones, all are wanting in the Elasmobranchs 
(sharks and rays) while the typical fishes possess four, viz : preo- 
perculum, operculum, suboperculum and interoperculum. In 
many of these, however, the suboperculum is wanting, and in the 
sturgeons and many eels there is no preoperculum. In Polyodon 
the interoperculum is also wanting. In Lepidosiren the operculum 
and interoperculum are rudimental. In respect to this point also 
the divisions indicated are of subordinate value. As regards the 
development of the pterotic bone, its history is not yet sufficiently 
made out to enable us to understand its value. It does not exist 
in those with cartilaginous cranium (Elasmobranchii) . The Elas- 
mobranchs are well known to have the scapular arch suspended 
freely behind the cranium as in higher vertebrates. It is not 
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always attached to the cranium, on the other hand, among true 
fishes, for in the eels it is quite as in the sharks, and the spinous- 
finned Mastacembelus presents the same features. 

The characters presented by the pelvic bones and limbs seem to 
be of higher import. Thus all the bony fishes and sturgeons lack 
all the pelvic elements. In the sharks and rays they are also want- 
ing ; but two elements on each side appear in the Holocephali, 
(Chimaera) according to Leydig and Gregenbaur. In Lepidosiren 
a large median pelvic cartilage exists, but which element it repre- 
sents is unknown. This is evidently a character of high signifi- 
cance. As to the limbs, the peculiarities of Polypterus have been 
pointed out above. They mean nothing less than the develop- 
ment of the elements of the arm and leg of the higher vertebrata 
which intervene between the point of articulation and the distal 
segments, in Polypterus and the sharks and rays. In the former 
the distal segments are articulated exclusively to the extremities 
of the proximal pieces, which thus resemble, as well as represent, 
humerus and femur, and render the limb pedunculated. The prox- 
imal pieces are not continued distally, however, into the represen- 
tatives of the main axis, which, as demonstrated by the admirable 
studies of Gregenbaur, consist after humerus, of radius, tarsals 
and metatarsals, and thumb ; in the hind limb, of the line of the 
tibia and inner toe. This continuation is observed in the Elasmo- 
branchi, where, however, the divergent segments extend along the 
sides of the proximal pieces to near, in some Bajidce quite, to the 
articulation with the scapular arch. In the true fishes, including 
some of the old ganoids already considered, the divergent rays 
always, reach this articulation, while the number of proximal or 
basal pieces is diminished. These pieces have been called by 
Gregenbaur the metapterygium (humerus), mesopterygium, and 
propterygium ; the first being axial, the second and third being- 
divergent from it. In Polypterus the propterygium and mesop- 
terygium are largely developed ; in sharks and rays the proptery- 
gium is sometimes small, sometimes wanting, while in the true 
fishes the propterygium and mesopterygium are both wanting, ex- 
cepting in Amia, Lepidosteus, and the sturgeons, where a cartil- 
aginous mesopterygium exists, according to Gegenbaur. This 
author finds it rudimental in young Salmonidw and Siluridce. 
Lastly, in the true fishes the distal elements of the axis of the 
limb are wanting, just as in Polypterus. 
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In Dipnoi, on the other hand, we have this axis complete, or 
rather with greatly multiplied distal segments, and with or without 
lateral radii. In the Australian Oeratodus Gunther finds numerous 
lateral series on both sides of those of the axial row. Hence the 
limb of this order is considered by Owen, the simplest or primary 
type, and this proposition is abundantly confirmed by the beautiful 
researches of Gegenbaur. The foundation laid by this author 
for the history of the genesis of limbs will ever be a landmark 
in the history of modem theories of creation. See his memoir, 
Ueber das Skelet der Gliedmaasen der Wirbelthiere im Allgemei- 
nen, etc., Jenaische Med. Zeitschr., vol. v., p. 397. 

Important as are the characters that distinguish the several 
groups indicated by the different types of structure of the limbsi 
and pelvis, they do not seem to me to warrant their recognition as 
classes, equivalent to those of the six already pointed out. Taking 
them together there is a greater coherence also in the structure of 
brain and circulatory systems than would be the case with any 
other two of the classes adopted above. The peculiarities of the 
limbs, important as they are, are nearly related in the want of 
specialization of their parts, seen in the Batraclda and other 
classes, the differences consisting rather of number and position 
of similar parts. The pelvis of the Dipnoi might be regarded as 
of primary importance but for its existence in the HolocephaM, 
whose limbs again are so near those of the shark. 

It remains, therefore, to adopt the Linnaean and Cnvierian class 
Pisces, and to grant as sub-classes, the groups of HolocepJiali, 
Selachii and Dipnoi. There remain as sub-classes the groups typ- 
ified by Polypterus on the one hand, and the true fishes on the 
other. The first has been already distinguished in its external 
characters by Professor Huxley, who again brought light out of ob- 
scurity when he established his " third sub-order of ganoids, the 
Crossopterygidoe." This division is in my estimation a natural 
one, and to be elevated to a rank equivalent to that of each of the 
three above named, being the only part of the original division of 
Ganoids of Miiller entitled to it. Professor Huxley defined it as 
follows : 

"Dorsal fins, two, or if single, multiplied or very long; the 
pectoral and usually the vertical fins lobate ; no branchiostegal 
rays but two principal, with sometimes lateral and medianjugular 
plates situated between the rami of the mandible ; caudal fin diph- 
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ycereal or heterocereal ; scales cycloid or rhomboid, smooth or 
sculptured." 

Of the above characters that which relates to the lobate fins is 
the essential one, and is the expression of the external appear- 
ance produced by the structure of the bones of the limbs already 
pointed out by Gegenbaur. The dorsal fins of some families, it is 
true, possess a remarkable structure, but in Phaneropleuron (Hux- 
ley) and some others they appear to be nearly like that of the 
Dipnoi. The absence of branchiostegal rays is important, but is 
shared by the sturgeons. The jugular plates appear to exist in 
Polypterus only among recent fishes, though several, as Amia, 
Elops, Osteoglossum, etc., possess a median one. Nevertheless, 
its nature would not lead one to anticipate its being a constant 
feature in any group of high rank ; at least, such is our usual 
experience with dermal bones. The structures of the skin and 
scales given by Huxley are very subordinate. 

The remaining division answers then to the Teleostei and Gan- 
oidei of Miiller, minus Polypterus. The name Teleostei cannot be 
preserved for this division, owing to its entire want of coincidence 
with that division of Miiller, as well as from the fact that the car- 
tilaginous sturgeons must be included in it. I propose, therefore, 
to call it the Actinopteri. The character of the five sub-classes 
will then be as follows : 

CLASS PISCES. 

The hyomandibular bone continuous with the cartilaginous cra- 
nium, with a rudimental opercular bone. Two distinct pelvic bones 
on each side. Derivative radii sessile on the sides of the basal 
bones of the limbs, separated from the articulation. Holocepliali. 

Hyomandibular bone articulated with the cranium ; no oper- 
cular or pelvic bones. Derivative radii sessile on the sides of the 
basal bones of the limbs, rarely entering articulation. Selacldi. 

Hyomandibular bone articulated, with rudimental opercular 
bones ; a median pelvic element. Limbs consisting of the axial 
line only, commencing with the metapterygium and with multi- 
plied segments. Dipnoi. 

Hyomandibular articulated, opercular bones well developed, a 
single ceratohyal ; no pelvic elements. Limbs having the deriva- 
tive radii of the primary series on the extremity of the basal 
pieces, which are in the pectoral fin metapterygium, mesoptery- 
gium and propterygium. Orossopterygia. 
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Opercular bones, well developed on separate and complex sus- 
pensorium; a double ceratolryal, no pelvic elements. Primary 
radii of fore limb parallel with basilar elements, both entering the 
articulation with scapular arch. Basilar elements reduced to met- 
apterygram and very rarely mesopterygium. Primary radii of 
posterior limbs generally reduced to one rudiment. Actinopteri. 

III., ON THE ACTINOPTERI. 

In determining the primary types of this sub-class, we return 
to some characters already mentioned, in which they approximate 
the Crossopterygia, and adding others, follow the various diver- 
gences to their specialized terminations. 

Thus in Accipenser and allies, the ventral fins possess a complete 
series of basal radial bones, and the pectorals each a large mesop- 
terygium. In Amia and Lepidosteus the mesopterygium is small, 
and the basal radii of the ventrals are reduced to their lowest 
number. In none of them are the basihyals fully developed. 
Most of the eels retain a character which we have only observed 
heretofore in the Selachii. 

We pass by a number of the lower fishes before we find the 
mandibular arch furnished with a symplectic. One of the most 
important modifications, which is more or less coincident with a 
number of others, is that which formed the basis of Bonaparte 
and Miiller's order of Physotomi. The presence of the ductus 
pneumaticus which characterizes it, is always associated with the 
abdominal position of ventral fins and cycloid scales, and mostly 
with the presence of the prsecoracoid arch, the entrance of the 
maxillary bone into the border of the mouth and the nonsepara- 
tion of the parietal bones by the supraoccipital. Yet none of 
these characters are precisely associated at the point of change in 
each, for there are physostomous fishes with separated parietals 
and ctenoid scales (some Oyprinodontidm) , and there are Physo- 
clysti with abdominal ventrals. Nevertheless, three prominent 
types stand out in the Actinopteri, the sturgeons or Chondrostei, 
the Physostomi, and the Physoclysti, which may be considered as 
tribes. 

An entire series of basilar segments of the abdominal ventral 
fins ; no branchiostegal rays. Chondrostei. 

Basilar segments of ventrals rudimental, position of fins ab- 
dominal, parietal bones usually united ; branchiostegal rays ; swim 
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bladder connected with, the stomach or oesophagus by a ductus 
pneumaticus. Physostomi. 

No ductus pneumaticus ; parietal bones separated by the supra- 
occipital ; ventral fins usually thoracic or jugular ; no basilar seg- 
ments. Physoclysti. 

CHONDEOSTEI. 

There are two orders in this division, as follows : 

A prascoracoid arch ; no symplectic bone ; premaxillary forming 
mouth border ; no suboperculum nor preoperculum ; mesoptery- 
gium distinct ; basihyals and superior ceratohyal not ossified ; in- 
terclavicles present ; no interoperculum nor maxillary ; branchi- 
hyals cartilaginous. Selachastomi — 'The Paddle-fish. 

Similar to the last, but with interopercle, maxillary bones, and 
osseous branchihyal. Glaniostomi — The Sturgeons. 

The first order embraces the single family of Spatularidce , the 
second that of Accipenseridw. In both the chorda dorsalis per- 
sists, the tail is heterocercal and the osseous cranium is little 
developed. The basal and radial elements of the limbs, with the 
coracoids, are not ossified. 

PHYSOSTOMI. 

The following key will express the leading features of the 
orders of this division : 

I. A praecoracoid arch. 
A. A coronoid bone. 
Maxillary in many pieces ; vertebrae opisthocoelian. 3. Oingly- 
modi — The Bony Gar. 

Maxillary not transversely divided ; vertebrae amphicoelian. 4. 
Halecomorphi — The Dog Fish. 

A A. No coronoid bone. 

* No symplectic bone. 

Pterotic simple, anterior vertebrae with ossicula auditus ; supra- 
occipital and parietals coossified. 5. Nematognathi — The Cat 
Fishes. 

Pterotic annular, including a cavity closed by a special bone ; 
parietals distinct, vertebras simple. 6. Scyphophori — The Mor- 
myri. 

* * Symplectic present. 

Anterior vertebrae coossified and with ossicula auditus. 7. Plec- 
tospondyli — The Suckers, etc. 
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Anterior vertebras, similar, distinct, without ossicula auditus. 
8. Isospondyli — Herring, etc. 

II. No prascoracoid arch. 
A. Scapular arch suspended to cranium. 
B. A symplectic. 

Pterotic and anterior vertebras simple ; parietal separated by 
supra-occipital. 9. Haplomi — Pike, etc. 

Anterior vertebras modified ; parietals united ; pectoral fins. 10. 
Glanencheli — Electric eel. 
B B. No symplectic. 

Anterior vertebras simple ; a prasoperculum and maxillary ; no 
pectoral fins. 11. Ichthyocephali — Java eels. 

A. A. Scapular arch free behind the cranium. 

* A. Preoperculum. 

A symplectic ; maxillary well developed ; no pectoral fins. 12. 
Holostomi — Symbranchi. 

No symplectic ; maxillary lost on connate ; pectoral fins. 13. 
Enchelycephali — Eels proper. 

* * Preoperculum wanting or rudimental. 

No symplectic, maxillary, nor pectoral fins, no pterygoid. 14. 
Golocephali — Murasnas. 

Of the above orders the Haplomi (pike, etc.) approach nearest 
the Physoclysti of the families Oplieocephalidm and Atherinidae ; 
and the Holostomi of the family Symbranchidai, to the Physoclyst 
family of Mastacembelidce. The affinities between these families 
is in both cases so close as to render the distinction of the prima- 
ry divisions in question hardly worth preserving. 

The complete development of the support of the caudal fin 
is seen in many members of this tribe, while in others it re- 
mains in its primitive condition. Among Physoclysti it is nearly 
always complete, though in a few (Trichiuridw), etc., it remains 
larval. In the first development of the vertebral column in fishes, 
it forms a straight axis. The fin is represented by a fold of the 
integument which extends equally round its extremity. In this 
membrane the rays are developed, and in many fishes they remain 
thus equally distributed. In this case the caudal vertebras remain 
in a straight line to the extremity, and we have a termination such 
as is seen in Lepidosiren and the eels. This form of tail may be 
called the isocercal. 

If now the radii basal or distal, acquire a greater development 
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on the lower side of the column, those on the upper side remaining 
rudiments!, it will be necessary that such enlarged portion should 
strike the water in the plane transverse to the longitudinal axis of 
the body in order that the weight of the body be propelled with 
the least expenditure of force. This will necessarily cause the 
distal vertebrae, or end of the chorda dorsalis, to be turned up- 
ward, so that the inferior rays of the fin shall be brought as near 
to the vertical line of the superior as possible. This is the type 
of tail known as the heterocercal, as called by Agassiz. 

We find among the Physoclysti that the lower rays of the fin are 
more and more strengthened, and the haemal spines which support 
them, are more and more enlarged. Consequently the end of the 
column is more curved upwards, as seen in Amia. The superior 
rays and neural spines are also strengthened, and the inferior so 
extended upwards as to pass round the extremity of the column 
and come into contact with them. And now the vertebral centra 
are successively atrophied from the extremity. Counting from the 
extremity to the bases of the first supports of the outer rays of 
the caudal fin above and below, we find that ten vertebrae remain 
in the tail of Notopterus. In the Hyodontidce, Albulidaz, Elopidce, 
Alepocephalidce and Salmonidw, there are but two left, while one 
only appears in the Osteoglossidce, Aidopidce, Lidodiridoe, Butyrini- 
doe, Coregonidce, Olupeidoe. and Ohirocentridoe. In most other fam- 
ilies, especially of Physoclysti, the last one has disappeared, and 
the numerous haemal arches are arranged like radii diverging up- 
wards and downwards from the last caudal vertebra. In the high- 
est groups, as Pharyngognathi, etc., they become coossified, and 
the tail has completed specialization. This is the type called 
homocercal or diphycercal by later writers. 

These types are thus plainly stages in the development of this 
member, the first and second being simply arrests of development 
of the last. Thus the young salmon commences with an eel-like 
vertebral column, or is isocercal; it presently, by the upward 
curvature of the column, and unequal development of the caudal 
fin, becomes diphycercal, but ceases to grow before it has quite 
accomplished this stage. The Polypterus, the eels, Gymnarchus 
and other fishes ossify the vertebrae in the isocercal stage. The 
heterocercal type is seen in the Ohondrostei, where the vertebrae 
never ossify. In Lepidosteus and Amia, they ossify in this stage. 

I further specify the characters of the orders of Physostomi and 
the families they contain, in the paper itself. 
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PHYSOCLYSTI. 

The following is an analytic synopsis of the orders. They all 
have the parietals entirely separated by the supra-occipital, and 
lack the prsecoracoid ; the symplectic is present, except in Ostra- 
cium, where it is not ossified. 

A. Scapular arch not suspended from the cranium. 
Superior branchihyals and pharyngeals developed ; inferiors and 
maxillary distinct. 15. Opisthomi. 

A A. Scapular arch suspended from the cranium. 

I. Ventral Fi?is Abdominal. 

Branchial arches well developed, the bones present, except 
fourth superior pharyngeal ; third much enlarged ; inferior pha- 
ryngeals distinct. 16. Percesoces — Mullet, etc. 

Third and fourth superior pharyngeals much enlarged, inferior 
pharyngeals, coossified. 17. Synentognathi — Soft gar. 

Superior branchials and pharyngeals reduced in number ; infe- 
riors separate; interclavicles present. 18. Hemibranchi — Pipe 
fishes. 

Superior branchihyals and pharyngeals, and basal branchihyals 
wanting; gills tufted. 19. Lophobranchi — Seahorse. 

II. Ventral Fins Thoracic or Jugular. 

First vertebra united to cranium by suture ; epiotics united 
behind superoceipital ; basal pectoral radial bones elongate. 20. 
Pediculati — Goose Fish, etc. 

Posterior cephalic region normal, anterior twisted so as to bring 
both orbits on one side; inferior pharyngeals distinct. 21. He- 
terosomata — Flounders . 

Cranium normal ; the premaxillaries usually coossified with the 
maxillaries behind, and the dentary with the articular ; pharyn- 
geal bones distinct. 22. Plectognathi — File Fishes. 

Cranium normal ; bones of the jaws distinct ; inferior pharyn- 
geal bones distinct. 23. Percomorphi — Perch. 

Cranium normal ; bones of the jaws distinct ; third superior 
pharyngeal much enlarged, articulating with cranium ; inferior 
pharyngeals coossified. 24. Pharyngognathi — Burgall, Parrot . 
Fish. 
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These orders will be more fully defined, and the families which 
are referable to them pointed out. 

GENERAL OBSERVATIONS. 

In tracing the affinities of the Physostomi, I have pointed out 
the relation between the Ghrondrostei and the Nematognathi, and 
between the Halecomorphi and the Isospondyli. The first named 
of each of these pairs are the structural, and probably genetic, 
predecessors of the second. The series commenced with the cat 
fishes may be continued into the Mormyri and then to the families 
of the Plectospondyli, where the series with altered vertebrae and 
with ossicula auditus terminates. The Oharacins have, however, 
considerable affinity to the Isospondyli, especially in the type of 
their branchial bones. From the latter group we pass to the Ha- 
plomi, and thence ,to the Physodyst groups. The eel-like groups 
form a special line. The Glanencheli have cranial characters of 
the groups with modified vertebras, with fins of the more typical 
eels. The latter show a steady approach in some points to the 
conditions characterizing the Chondrostei. The loss of the maxil- 
lary, of opercular bones, and of pharyngeal elements, reminds one 
of these, but in the loss of the premaxillary, and great develop- 
ment of the ethmoid, in the Golocephcdi, we have features quite 
unique. The vertebral position of the scapular arch is the only 
shark character they possess ; while on the other hand, the Holos- 
tomi are undoubtedly related to the Mastacembelus, a real Physo- 
dyst with spinous dorsal fin. These relations are as yet entirely 
inexplicable. 

The affinities among the Physodysti are more clear. Omitting 
the genus just mentioned, we find the four orders with ventral fins 
to form a true series, with a Synentognath variation, terminating 
in the greatly degraded order of LopJiobrcmchii. The Percesoces 
give us our nearest connection with the groups with abdominal 
ventral fins, and lead at once to the Percomorphi. From this cen- 
tre radiate many lines of affinity. One leads from the Ghwtodon- 
tidce, through the Acroneurida. and to the Plectognathi, by the 
similarity in the arrangement of the posttemporal and forms of 
the pharyngeal apparatus. An important division of the Perco- 
morphi has the basis cranii simple and the branchials reduced 
above ; viz., the Scyphobranchi. The Gottidm are the most gener- 
alized family of this group, and lead on the one hand to the Tri- 
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glides of the Distegi, with which they are generally arranged, and, 
on the other, to the Blenniidce. Some of the latter elongate the 
basal pectoral bones considerably, and lead to the BatracMdai on 
the one side, where the number of these bones is increased, and 
on the other to the Pediculati, where the number is diminished. 
To these groups the Anacanthini and Heterosomata are less allied. 
The third upper pharyngeal bone has already presented an in- 
crease of mass and use in the first orders of Physoclysti with ven- 
tral fins. Among the Percomorphi the same increase makes its 
appearance by little beginnings in some Sciaenidm. It is quite 
noteworthy in most of the Carangidm, a group whose separation 
from the Scombridm by Gunther is supported by this part of their 
organism. Through forms not now specified, approach to the 
PharyngognatM is made. Here the pharyngeals are modified into 
a mill-like structure, which is least specialized in the EmbiotocidcB, 
and most so in the Scaridaz. 

Mr. P. W. Putnam was not prepared to accept all the changes that 
were proposed by Prof. Cope, some of which were somewhat radical. At 
the same time, however, he regarded it as the nearest approach to a cor- 
rect classification of the fishes that had ever been made. The points of 
distinction between the fishes and batrachians had never been better 
made, nor in a more unexpected manner. He thought Professor Cope 
had found the only means by which one can with certainty distinguish a 
fish from a batrachian. The way in which a number of the families had 
been grouped together he fully approved of, though some of the groiips 
he thought still open to question. 

The Laws of Organic Development. — By Prof. E. D. Cope. 

The discussion of this subject divides itself into two parts, viz.: 
a consideration of the proof that evolution of organic types, or de- 
scent with modification has taken place ; and, secondly, the inves- 
tigation of the laws in accordance with which this development 
has progressed. 

I. ON THE PROOF FOR EVOLUTION. 

There are two modes of demonstration, both depending on di- 
rect observation. One of these has been successfully presented 
by Darwin. He has observed the origin of varieties in animals and 
plants, either in the domesticated or wild states, and has shown, 
what had been known to many, the lack of distinction in the 
grade of difference which separate varieties and species. But 



